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One-third of the world’s population is infected with Mycobacterium tuberculosis, one of the most effective
human pathogens, whose success is attributed to the deployment of remarkably sophisticated immune
evasion mechanisms. In this issue of Cell Host & Microbe, a new study unravels a novel strategy of immune
evasion and enhanced bacterial intracellular survival, which is dependent on inhibition of inflammasome
activation by an M. tuberculosis-encoded metalloprotease.Mycobacterium tuberculosis infection is
acquired through inhalation of aerosolized
droplets containing bacilli generated by
a person with active tuberculosis. Using
a number of cell surface receptors,
M. tuberculosis successfully infects alveo-
lar macrophages, leading to formation of
phagosomes (cell membrane invagina-
tions) in which bacteria reside and repli-
cate. Experimentally, ingestion of inacti-
vated bacteria or inert particles is
accompanied by macrophage activation
characterized by an increase in calcium
flux and recruitment of the small GTPase
Rab5 and class III phosphatidylinositol
3-kinase (PI3K) to the early endosomes.
As phagosomes mature from late endo-
somes into phagolysosomes, lysosomal
membrane acquires new markers such
as LAMP3 (CD63). In the final stage
of phagolysosomal fusion, vacuolar
ATPases are recruited, lowering luminal
pH and activating lysosomal hydrolases.
The acidified lysosomal environment and
activity of potent proteases result in the
ultimate destruction of the microbe
(Sundaramurthy and Pieters, 2007).
In the early 1970s, Armstrong and Hart
(1971) first reported the remarkable ability
of live M. tuberculosis to inhibit phagoso-
mal fusion with lysosomes. Multiple stud-
ies have highlighted the fact that inhibition
of macrophage activation and phagolyso-
somal biogenesis by M. tuberculosis is
central to its ability to persist inside the
hostile environment of its host. Some of
the mechanisms involved in mycobacte-
rial phagosome maturation arrest have
been well characterized. Mycobacteria
possess an abundance of bioactive lipids,
one of which, mannosylated lipoarabino-mannan (ManLAM), has been implicated
in phagosomal maturation arrest. Man-
LAM inhibits calcium/calmodulin and
Rab5-mediated recruitment of PI3K to
mycobacteria-containing phagosomes,
thus preventing the generation of new
molecules of phosphatidylinositol 3-phos-
phate (PI3P), while the mycobacterial
phosphatase SapM is responsible for the
degradation of existing PI3P (Sundara-
murthy and Pieters, 2007). The net result
is phagosomalmaturationarrest at a stage
where active communication with the
early endosomal pathway for the acquisi-
tionof iron still occurs, but fusionwith lyso-
somes and their cargo is mainly avoided.
In this issue of Cell Host & Microbe,
Master and colleagues describe a new
strategy of mycobacterial phagosome
maturation arrest relying on the M. tuber-
culosis-encoded zmp1 gene (Master
et al., 2008). The authors established the
importance of Zmp1 for virulence and sur-
vival in macrophages by using mutant
mycobacteria deficient in Zmp1. When
compared to wild-type M. tuberculosis,
this mutant displayed reduced survival in
mice. Zmp1 was required for optimal
mycobacterial survival in infected macro-
phages, as phagosomes harboring Zmp1
mutant mycobacteria undergo enhanced
maturation into phagolysosomes, sug-
gesting that Zmp1 is required to maintain
mycobacterial phagosome maturation ar-
rest. In search of the mechanism involved
in this process, Master and colleagues
found that the ability of Zmp1 to block
phagosome maturation relies on its
capacity to inhibit the inflammasome, a
multiprotein complex located in the
cytosol of host cells.Cell Host & MiAssembly and activation of the inflam-
masome are essential processes in innate
immune responses to pathogenic bacte-
ria (Sutterwala et al., 2007). Typical in-
flammasomes are formed by at least one
member of the cytosolic innate immune
sensor family, called NOD-like receptors
(NLRs). The NLR family members
NALP3, NAIP5, or IPAF and the adaptor
ASC are involved in caspase-1 activation
in response to bacterial infection, trigger-
ing the processing and maturation of
IL-1b and IL-18 cytokines. Multiple sig-
nals from bacteria can promote inflamma-
some activation (Sutterwala et al., 2007).
Some of these signals are common to
most bacteria; for example, presence of
muramyl dipeptides (bacterial cell wall
degradation products) in the cytosol acti-
vates an inflammasome that is NALP3,
NOD2, and ASCdependent. Other inflam-
masome-activating signals are triggered
by live bacteria and are more specific.
Bacillus anthracis uses anthrax lethal toxin
to activate a NALP1b inflammasome.
Vacuolar escape and listeriolysin O toxin
were required for NALP3 inflammasome
activation by Listeria monocytogenes.
Recognition of Legionella pneumophila
engages NAIP5 and IPAF but does not re-
quire ASC (reviewed in Sutterwala et al.,
2007). Little is known regarding inflamma-
some activation by M. tuberculosis. To
address this question, Master et al. took
advantage of a zmp1 null M. tuberculosis
mutant that elicits enhanced inflamma-
some activation. They asked whether
small interfering RNA (siRNA) knockdown
of known inflammasome components
would affect bacterial survival. IPAF and
ASC deficiency restores Zmp1 mutantcrobe 3, April 2008 ª2008 Elsevier Inc. 199
Cell Host & Microbe
Previewssurvival, suggesting that M.
tuberculosis is recognized by
an IPAF inflammasome. IPAF
and ASC have been previously
associated with inflamma-
some activation by the Gram-
negative bacteria Salmonella
typhimurium, Shigella flexneri,
and Pseudomonas aeruginosa,
which use their type III secre-
tion system to inject IPAF acti-
vators such as flagellin in the
cytosol of macrophages (Del-
bridge and O’Riordan, 2007).
The mechanisms regulating
M. tuberculosis activation of
IPAFareunknownandwill prob-
ably differ from mechanisms
deployed by Gram-negative
pathogens.
The proinflammatory cyto-
kine IL-1b is the major product
of inflammasome activation.
Studies from knockout mice
have shown that animals defi-
cient in either IL-1b or its re-
ceptor, IL-1R, have impaired
survival and are unable to con-
tain M. tuberculosis (Fremond
et al., 2007; Yamada et al.,
2000). Master et al. (2008) pro-
vide a mechanistic explanation
for these observations. They found that
IL-1b production contributes to bacterial
clearance by promoting phagolysosomal
maturation. However, the precise mecha-
nism underlying IL-1b-dependent phago-
some maturation is not revealed in this
study. IL-1b is known to activate PI3K,
and it is tempting to speculate that the
IL-1R signaling pathway and phagosome
maturation pathway may converge at
PI3K activation to promote PI3P genera-
tion (Koyasu, 2003).
Altogether, the findings presented by
Master et al. provide evidence that in-
flammasome activation and maturation
of its substrate (IL-1b) are involved in
phagolysosome biogenesis, thereby sug-
gesting that Zmp1 promotes mycobacte-
rial phagosome maturation arrest by dis-
rupting IL-1b activation (Figure 1). How
does Zmp1 inhibit inflammasome activa-
tion? Zmp1 is a predicted zinc-dependent
metalloproteasewith 46%similarity to hu-
man neprilysin, an extracellular protease
that degrades a number of small secreted
peptides, most notably amyloid beta pep-
tides implicated in Alzheimer’s disease
(Madani et al., 2006). Zmp1 was found in
cell culture supernatants, suggesting it
may be released from the bacilli and affect
function of peptides and molecules in-
volved in inflammasome activation (Mas-
ter et al., 2008). Whether Zmp1 directly
or indirectly regulates inflammasome acti-
vation is an important question to be
addressed in future studies. In an attempt
to test whether Zmp1 could be a broad-
spectrum inhibitor of inflammasome
activation, Master et al. investigated
caspase-1 processing induced by two
NALP3-inflammasome activators (ATP
and nigericin) and found that it was
affected by M. tuberculosis in a Zmp1-
dependent manner. Although this finding
is intriguing and suggests that
Zmp1 may regulate multiple
inflammasome platforms, it
should be interpreted with
some caution. Monitoring cas-
pase-1 processing as a marker
of inflammasome activation
can be misleading. Fragments
are quickly released from acti-
vated cells into the superna-
tant, making detection in cell
extracts difficult to interpret
(Martinon et al., 2002).
The discovery of Zmp1 and
its role in dampening the innate
immune system emphasizes
the great evolutionary adapt-
ability of M. tuberculosis to its
host environment. These find-
ings present fertile ground for
future investigation likely to
provide better insight into the
understanding of inflamma-
some activation and its role in
the orchestration of specific
pathogen responses.
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Figure 1. Mycobacterial Disruption of Inflammasome Activation
and Phagosome Maturation
Infection with M. tuberculosis triggers IPAF inflammasome including the
adaptor ASC and caspase-1 (Casp-1) (1). Inflammasome activation results
in IL-1b processing and release of IL-1b that is followed by the engage-
ment of its receptor (IL-1R) (2). IL-1R signaling promotes phagosome
maturation that ultimately leads to phagolysosome fusion and bacterial
degradation (3). M. tuberculosis encoding the zmp1 gene prevents phag-
osome maturation by inhibiting inflammasome activation, thus increasing
M. tuberculosis survival.200 Cell Host & Microbe 3, April 2008 ª2008 Elsevier Inc.
